Abstract. Confinuous wave and pulsed EPR methods for the measurement of hyperfine interactions are reviewed.
Introduction
The hyperfine interaction between the magnefic moment of an electron and the magnefic moment of a nucleus can be studied with vafious experimental techniques [1] . In Electron Paramagnetic Resonance 0EPR) spectroscopy, hyperfine interacfions manifest as line splittings in the spectrum. Such splittings, ofiginating ffom copper nuclei with spin I= 3/2, have first been observed by R.P. Penrose in 1949 [2] in a single crystal of a copper doped magnesium Tutton salt. Since then, measurements of hyperfine interacfions with EPR have developed to an indispensable tool for the study of paramagnefic enfifies in single crystals, in polycrystals, and in frozen and liquid solufions [3] [4] [5] [6] . Hyperfine data are parficulafly helpful in understanding the electronic and geometfic structure of paramagnetic species. They enable one to draw upa detailed mapping of the electron spin density distribufion, and contain precise information about the spafial arrangement of the nuclei close to the unpaired electron [7, 8] .
The hyperfine spin Hamiltonian has the forro .~~s = gAI.
(1) * Lecture presented on the occasion of the Zavoisky Award, Kazan
In first order, the measured hyperfine angular frequency consists of two contributions, the isotropic Fermi contact term 8n aiso = ~-hgeflegnfln(~IIo] 6(01 ~0), (2) and the electron-nuclear dipole-dipole coupling
where qJ0 is the orbital of the unpaired electron and r iis a component of the radius vector from the electron to the nucleus. The spin-only coupling tensor A DD is traceless and symmetric.
In many paramagnetic compounds, there is a substantial orbital magnetic moment of the electron, reflected by a deviation of the g value from ge" In second order this leads to an isotropic as well as an anisotropic contribution to the hyperfine interaction In most paramagnetic species the unpaired electron is surrounded by many magnetic nuclei. Asa consequence of the EPR selection mies, the number of EPR lines increases multiplicatively with the number of nuclei interacting with the electron spin. The observed EPR lines are therefore often inhomogeneously broadened and the resolution of the various hyperfine interactions in the conventional EPR display is usually poor. In the Tutton salt studied by Penrose 12], for example, the hyperfine structure of the protons is not resolved for this reason. This unsatisfactory situation is oflen made even worse by additional broadening mechanisms.
This account discusses different strategies for increasing the resolution in EPR spectroscopy, namely the measurement of nuclear transition frequencies and of hyperfine frequencies, and the disentangling of field-swept EPR spectra (Scheme I) . Since the number of nuclear transitions increases only in an additive way with the number of nuclei (each group of equivalent nuclei with spin Iis represented by 41 nuclear transitions), the measurement of nuclear transition frequencies leads to a drastic improvement in spectral resolution. A further improvement in resolution is obtained with techniques that measure hyperfine frequencies rather than nuclear transition frequencies. In a hyperfine spectrum, each group of equivalent nuclei with spin Iis represented by one transition at the corresponding hyperfine frequency. The disentangfing of a field-swept EPR spectrum by suppressing spectral features
